We report the discovery of a compact multi-planet system orbiting the relatively nearby (78pc) and bright (K = 8.9) K-star, EPIC248435473 (K2-XXX). We identify up to six possible planets orbiting EPIC248435473 with estimated periods of P b = 0.66, P .02 = 6.1, P c = 7.8, P d = 14.7, P e = 19.5, and P .06 = 56.7 days and radii of R P = 2.9 R ⊕ , 0.579 R ⊕ , 0.637 R ⊕ , 2.644 R ⊕ , 2.446 R ⊕ , and 0.81 R ⊕ , respectively. We are able to confidently validate the planetary nature of four of these planets (P b = 0.66d, P c = 7.8d, P d = 14.7d, and P e = 19.5d), while classifying the other two as planetary candidates (EPIC248435473.02 & .06). From a simultaneous fit of all 6 possible planets, we find that EPIC248435473 b's orbit has an inclination of 76.5 • while the other five planets have inclinations of 88-90 • . This observed mutual misalignment may indicate that EPIC248435473 b formed differently from the other planets in the system. The brightness of the host star and the relatively large size of the sub-Neptune sized planets d and e make them well-suited for atmospheric characterization efforts with facilities like the Hubble Space Telescope and upcoming James Webb Space Telescope. We also identify an 8.5-day transiting planet candidate orbiting EPIC248435395, a co-moving companion to EPIC248435473.
1. INTRODUCTION Our understanding of exoplanet demographics has rapidly expanded as a direct result of the success of the Kepler and K2 missions. With the successful launch of the Transiting Exoplanet Survey Satellite (TESS) mission, which is expected to discover thousands of new exoplanetary systems (Ricker et al. 2015) , the community is now focused on understanding the mechanisms responsible for the diversity of exoplanet architectures. We now know of over 700 multi-planet systems and a total of more than 3700 confirmed or validated planets to date 1 . From these discoveries, we know that the most commonly known planets with periods P<100 days are smaller than Neptune, a large fraction of which are super-Earths and mini-Neptunes (R P = 1.5 -4 R ⊕ ; Fressin et al. 2013) . With no analogues in our own Solar System, our understanding of these planets is limited.
The large number of multi-planet systems discovered may provide key information to facilitate our understanding of the formation of our own Solar System. From studying multi-1 https://exoplanetarchive.ipac.caltech.edu/ planet systems using Kepler data, it has been determined that ∼30% of Sun-like stars have compact and closely aligned architectures, with planetary radii R P > R ⊕ and orbital periods less than 400 days (Zhu et al. 2018) . Planets in systems with large mutual inclinations, however, might not all transit. If unaccounted for, this bias can affect our understanding of planet formation. Fortunately, typical mutual inclinations within transiting systems can be constrained by measuring the ratio of transit durations of adjacent transiting planets. Studies that constrain the underlying multiplicity and distribution of inclinations suggest that transiting multi-planet systems are close to aligned, with mutual inclinations typically less than a few degrees (Fang & Margot 2012; Figueira et al. 2012; Swift et al. 2013; Fabrycky et al. 2014; Ballard & Johnson 2016) . However, many studies have shown that the observed population is not well represented by a single-component model (Lissauer et al. 2011; Ballard & Johnson 2016) , and this claim is supported by simulations of late-stage planet formation (Hansen & Murray 2013) ; the underlying population may consist of some well-aligned systems and some with large mutual inclinations. Ultra Short-period Planets (USPs), planets that orbit with periods less than a day, may provide insight into the origin of mutually misaligned planetary systems. These are relatively rare objects (0.5% of all stars, Sanchis-Ojeda et al. 2014 ), but their close proximity to their host star allows them to transit at a larger range of inclinations relative to our line of sight. This relatively high transit probability makes the USP in a multi-planet system more likely to transit than the longerperiod planets in the system (e.g., 55 Cancri, Fischer et al. 2008; Batalha et al. 2011) . It also makes it more likely that misaligned systems containing USPs will be observed to host multiple transiting planets, which affords greater opportunities for detailed investigations of the physical and dynamical properties of the planets. USPs therefore have the potential to help us understand the origin of planetary systems with high mutual inclinations.
Since young stars are larger in radius than their sizes on the main sequence, by factors of 3 -4, it is unlikely that USPs could form in situ: the host star would have engulfed some of the known USPs based on stellar properties derived from pre-main-sequence evolutionary tracks (Palla & Stahler 1991; D'Antona & Mazzitelli 1994) . As a result, one possible origin scenario is that USP migration is influenced by gravitational interactions with other planets or stars, increasing the planet's orbital eccentricity. This "High Eccentrictiy Migration" mechanism (HEM), has also been proposed to explain the origin of hot Jupiters (Petrovich et al. 2018, see, e.g.,) . These systems initially retain their primordial eccentricities from these interactions (Rasio & Ford 1996; Wu & Murray 2003; Fabrycky & Tremaine 2007; Nagasawa & Ida 2011; Wu & Lithwick 2011) , but subsequent tidal interactions should circularize the orbit (e.g., Adams & Laughlin 2006) . However, the inclination excited by HEM may remain, resulting in highly misaligned planetary orbits.
Another possible explanation for misaligned planetary systems is that they originate from misaligned disks around young stars. It is known that young stars are surrounded by circumstellar disks of gas and dust that eventually form the planetary systems that are observed today. From high resolution observations of these circumstellar disks, for example using the Atacama Large Millimeter/submillimeter Array (ALMA), we know that these disks are not smooth and uniform. Instead they contain gaps or rings (ALMA Partnership et al. 2015) , and display misalignment with their disks and even multiple disks (e.g., see Beta Pic, Heap et al. 2000) . Additionally, wide binary systems where each star has its own circumstellar disk have been shown to be mutually misaligned (e.g., Jensen & Akeson 2014 , and references therein).
Using high precision photometric observations from Spitzer and K2 there has been a sub-class of young stellar objects identified called "dippers" that display large amplitude (>10%) dimming events that occur on timescales of days (Alencar et al. 2010; Morales-Calderón et al. 2011; Cody et al. 2014; Ansdell et al. 2016b ). The observed variability has been attributed to extinction by dust in the inner disk, implying that disks would need to be relatively edge-on, as suggested for the archetypal dipper AA Tau (Bouvier et al. 1999 ). However, recent high spatial resolution millimeter mapping of AA Tau by ALMA shows a modestly inclined disk at 59.1 • (Loomis et al. 2017) . Even more extreme examples exist, such as the dipper J1604-2130, for which ALMA observations reveal the disk to be nearly face-on (Ansdell et al. 2016a ). These observations, combined with the photometric dimming events observed suggest that the inner disk is more aligned to our line of sight, and therefore, misaligned relative to the outer disk. Finally, we note that molecular cloud cores that form stars do not have perfectly well-ordered distributions of angular momentum, so that the formation of disks, and later planets, naturally produces some mis-alignment (e.g., see Spalding et al. 2014 and references therein).
Multi-planet systems also allow us to determine key physical planet parameters, such as mass and orbital eccentricity, through the detection and analysis of transit timing and duration variations (TTV & TDV, respectively, see Agol et al. 2005; Holman & Murray 2005) . The slight variations in the timing between consecutive transits are caused by another planet in the system, and result from exchanging energy and angular momentum due to their mutual gravitational interaction. Systems that have planets in or near mean motion resonance (MMR) can produce large amplitude timing variations, allowing the measurement of mass and eccentricity for small planets with longer periods. Efforts to analyze the TTVs for a large sample of planetary systems have provided mass and eccentricity measurements for planets that would not be accessible from other techniques, such as radial velocities (Steffen et al. 2013; Holczer et al. 2016; Jontof-Hutter et al. 2016; Hadden & Lithwick 2017) .
In this paper, we present the discovery and characterization of a compact multi-planet system orbiting the late K-star EPIC248435473. Using observations from the K2 mission, we have identified up to six planets orbiting EPIC248435473, with periods of 0. 66, 6.1, 7.8, 14.7, 19.5, and 56.7 days. We are able to confidently validate the planetary nature of four of these planets (those with periods 0.66d, 7.8d, 14.7d, and 19.5d), and we classify the other two (weaker) signals as planetary candidates. From a simultaneous global model of all six planets and candidates, we find that the orbit of EPIC248435473 b has an inclination of 76.5 • , while the other five planets and candidates have inclinations of 88 • to 90 • . This significant misalignment of the inner planet has interesting implications for the dynamical history of the system, and may suggest that it had a different evolutionary path than the rest of the planets. Additionally, EPIC248435473 has a co-moving companion, EPIC248435395, that is 42 away and an early M-star. This companion was resolved by K2, and we report the identification of a planet candidate orbiting EPIC248435395 with a period of 8.5d.
The paper is organized in the following way: We first discuss our photometric and spectroscopic observations in §2. Our EXOFASTv2 global model methodology and results are then presented in §3. We present all observations on the comoving companion (EPIC248435395) and discuss the nature of the companion star and its planetary candidate in §5. A dynamical analysis of the system is carried out in §4. Finally, we discuss our results in §6 and conclusions in §7.
2. OBSERVATIONS, ARCHIVAL DATA, AND VALIDATION 2.1. K2 Photometry Since the failure of the second reaction wheel, the Kepler spacecraft has been re-purposed to observe a set of fields along the ecliptic. Each K2 campaign lasts ∼80 days (Howell et al. 2014) , achieving similar precision to the original Kepler mission (Vanderburg et al. 2016a) . EPIC248435473 was observed during K2 Campaign 14 from UT 2017 Jun 02 until UT 2017 Aug 19, obtaining 3504 observations on a 30 minute cadence (see Figure 1 ). Following the strategy described in Vanderburg & Johnson (2014) and Vanderburg et al. (2016a) , the light curves were extracted from the Kepler-pipeline calibrated target pixel files from the Mikulski Archive for Space Telescopes 2 , corrected for the K2 spacecraft-motioninduced systematics, and searched for transiting planet candidates. From our search of EPIC248435473, we identified three super-Earth/sub-Neptune sized transiting exoplanet candidates with periods of 0.66, 14.7, and 19.5 days with signalto-noise (S/N) values of 13.0, 114.6, and 111.5. In addition, some of us (MHK, MO, HMS, IT) performed a visual inspection of the light curve using the LCTOOLS 3 software (Kipping et al. 2015) . From this visual inspection, we identified two additional Earth sized exoplanet candidates with periods of 6.1 and 7.8 days with S/N values of 8.3 and 10.6. An additional visual inspection of the K2 light curve led to the identification of a sixth planet candidate at 56.7 days with a S/N value 6.6. The phase-folded light curves for each planet candidate is shown in Figure 2 We note that the two transits Cutri et al. (2003) , 2 Henden et al. (2016) , 3 Cutri et al. (2003) , 4 Skrutskie et al. (2006) , 5 Cutri & et al. (2014) , 6 Zacharias et al. (2017 ), 7 Gaia Collaboration et al. (2016 , 8 Gaia Collaboration et al. (2018) a The uncertainties of the photometry have a systematic error floor applied. Even still, the global fit requires a significant scaling of the uncertainties quoted here to be consistent with our model, suggesting they are still significantly underestimated for one or more of the broad band magnitudes of this candidate overlap with other candidates in the system. The K2 light curve was reprocessed where all six planets were simultaneously fit along with the stellar variability and known K2 systematics. The corresponding light curve was flattened by dividing out the best-fit stellar variability using a spline fit with breakpoints every 0.75 days. The final light curve for EPIC248435473, shown in Figure 1 , has a 30 minute cadence noise level of 70 ppm, and a 6 hour photometric precision of 19 ppm. TRES has a resolving power of λ/∆λ = 44000, and an instrumental radial velocity (RV) stability of 10-15 m s −1 . The spectra were optimally extracted, wavelength calibrated, and cross-correlated to derived relative RVs following the techniques described in (Buchhave et al. 2010) . These relative RVs are given in Table 2. Using RV standard stars to track the instrumental zero point, we determine the absolute RV of EPIC248435473 on the IAU standard system to be 10.848 ± 0.066 km s −1 , where the uncertainty is dominated by the uncertainty in the shift from relative to absolute RV. 2.3. Palomar TripleSpec Observations We refined the characterization of EPIC248435473 by acquiring near-infrared spectra using TripleSpec on the 200" Palomar Hale telescope on 1 December 2017. TripleSpec has a fixed slit of 1" x 30" slit, enabling simultaneous observations across J, H, and K bands (1.0 -2.4 microns) at a spectral resolution of 2500-2700 (Herter et al. 2008) . Following Muirhead et al. (2014) , we obtained our observations using a 4-position ABCD not pattern to reduce the influence of bad pixels on our resulting spectra. As in Dressing et al. (2017) , we reduced our data using a version of the publicly available Spextool pipeline (Cushing et al. 2004 ) that was modified for use with TripleSpec data (available upon request from M. Cushing). We removed telluric contamination by observing an A0V star at a similar airmass and processing both our observations for both the A0V star and EPIC248435473 with the xtellcor telluric correction package (Vacca et al. 2003) .
After reducing the spectra, we estimated stellar properties by applying empirical relations developed by Newton et al. (2014 Newton et al. ( , 2015 and Mann et al. (2013b,a) . Specifically, we estimated the stellar effective temperature and radius by measuring the widths of Al and Mg features using the publicly available, IDL-based tellrv and nirew packages (Newton et al. 2014 (Newton et al. , 2015 . We then employed the stellar effective temperature-mass relation developed by Mann et al. (2013a) to infer the stellar mass from the resulting stellar effective temperature estimate. We also estimated the stellar metallicity ([M/H] and [Fe/H]) using the relations developed by Mann et al. (2013b) . For more details about our TripleSpec analysis methods, see Dressing et al. (2017) , Dressing et al., (in prep) .
The resulting stellar properties were T eff = 4192 ± 77 K, M = 0.67 +0.08 −0.07 M , and R = 0.63 ± 0.03. These values for the stellar mass and radius are consistent with those estimated from our EXOFASTv2 analysis (see Table 3 ).
2.4. Archival "Patient" Imaging To check for nearby stars (either physically associated companions or coincidental alignments) that may influence our results, we examined archival observations from National Geographic Society Palomar Observatory Sky Survey (NGS POSS) from 1952. The proper motion of EPIC248435473 is µ α = 56.9 mas and µ δ = -68.8 mas, and has moved ∼6 in the 66 years since the original POSS observations were taken. The present-day position of EPIC248435473 is located right at the edge of the saturated point-spreadfunction of EPIC248435473 in the original POSS plates. While the present-day position of EPIC248435473 is not completely resolved in the POSS image, if there was a bright-enough background star at the present-day position of EPIC248435473, we would expect to see some elongation of the POSS point spread function at that position. We see no evidence for such an elongation in POSS plates with either a red-sensitive or blue-sensitive emulsion. We estimate that we can rule out background stars at the present-day position of EPIC248435473 down to a magnitude of about 19 in blue, and a magnitude of about 18 in the red. Figure 3 shows our archival imaging overlaid with the K2 photometric aperture used to extract the light curves.
We used modern imaging from the Pan-STARRS data release to search for faint companions at distances greater than a few arcseconds from EPIC248435473 (Flewelling et al. 2016 ). In the Pan-STARRS images, we identified one star located inside our best photometric aperture about 9 magnitudes fainter than EPIC248435473. In principle, if this star were a fully eclipsing binary (with 100% deep eclipses), it could contribute a transit-like signal to the light curve of EPIC248435473 with a depth of at most about 250 ppm. This is shallower than the transits of the two sub-Neptunes, but could in principle contribute the transits of the other four candidates. We therefore extracted the K2 light curve from a smaller aperture (shown in Figure 3 as a navy blue outline overlaid on the Pan-STARRS image of EPIC248435473), which excludes the companion star detected in Pan-STARRS imaging. We find in the noisier light curve extracted from the smaller aperture, the transits of the ultra-short-period and 7.8d planets are convincingly detected, but the transits of the two weaker candidates (at 6.1 and 56.7 days) do not convincingly appear (due to the increased noise in the light curve).
We therefore cannot rule out a blended background eclipsing binary origin for at least one of those candidates.
2.5. Keck/NIRC2 AO Imaging We obtained high resolution images of EPIC248435473 using the Near Infrared Camera 2 (NIRC2) on the W. M. Keck Observatory. Two observations of each target were taken on UT 2017 December 28, one in the Br-γ filter and the other in the J-band (see Figure 3) . NIRC2 has 9.942 mas pix −1 pixel scale and 1024×1024 pixel array. The lower left quadrant of the array suffers from higher noise levels. To exclude this part of the detector, a 3-point dither pattern was used. The final image shown in Figure 3 is created by shifting and co-adding the observations, after flat-fielding and sky subtraction. We see no other star in the 10 field-of-view for EPIC248435473. Our sensitivity to nearby companions is determined by injecting a simulated source with a S/N of 5. The final 5σ sensitivity curves as a function of spatial separation and the corresponding images for EPIC248435473 in both Br-γ and J filters are shown in Figure 3. 2.6. Statistical Validation We attempted to statistically validate each of the six candidates in EPIC248435473, a process in which the probability of planethood is estimated. If the probability is above some threshold value the candidate is upgraded to validated planet. Our method of validation followed the approach taken by Mayo et al. (2018) . In detail, we made use of vespa (Morton 2015), a Python package based on the work of Morton (2012) . vespa calculates the false positive probability (FPP) of an exoplanet candidate by first simulating a population of synthetic stellar systems, each of which creates a transit signal due to a planet or eclipsing binary scenario. Then, vespa calculates the FPP by determining which synthetic systems are consistent with the input observations and calculating the fraction of those systems that correspond to an eclipsing binary scenario.
This determination is made based on inputs such as the sky position of the target, the transit signal, various stellar parameters, and contrast curves from any available high-resolution imaging. (A contrast curve relates the angular separation between the target star and an undetected companion to the maximum brightness for the putative companion.) In the case of EPIC248435473, we provided as input to vespa the RA and Dec, the phase-folded light curve of the candidate in question (with transits from other candidates removed), J, H, and K S bandpass stellar magnitudes from 2MASS (Cutri et al. 2003; Skrutskie et al. 2006 ) and the Kepler magnitude, stellar parameters (T eff , log g, and [Fe/H]) calculated in Section 3, and contrast curves from two AO images.
After we subjected each of our six candidates to validation, we made two additional adjustments to their FPP estimates. First, there are eight spectra and corresponding RV measurements collected with TRES from 2017 Nov 23 to 2018 Apr 10. The RV measurements derived from the TRES spectra did not indicate any large variations indicative of a simple eclipsing binary, so we were able to eliminate that scenario. (Note that this is different from a background eclipsing binary or hierarchical eclipsing binary scenario, which we also consider.) By eliminating the possibility of a simple eclipsing binary, the probability of the planet scenario (and each false positive scenario) was increased so that the total probability remained at unity. Summed image of EPIC248435473 from K2 observations. The aperture selection is described in Vanderburg et al. (2016a) . (Bottom Row) The same four images for EPIC248435395. The Keck (left) J-band and (right) Br-γ contrast curve and image (inset) of (Second Row) EPIC248435473 and (Third Row) EPIC248435395. We note that the J-band image for EPIC248435395 was observed through poorer atmospheric conditions leading to reduced image quality. We find no evidence of any additional components in either system. Second, according to Lissauer et al. (2012) , the likelihood of one or more false positives decreases significantly when there is more than one candidate in a system. In the case of a system with more than 2 candidates, they estimate that a multiplicity boost factor of 50 is appropriate. As a result, we decreased the FPP for each candidate by a factor of 50.
After calculating FPP values for our six candidates, reducing the eclipsing binary scenario to 0 probability, and including a multiplicity boost of 50, we found final FPP values of 3.02e − 05, 7.34e − 06, 9.40e − 06, 6.80e − 11, 1.16e − 12, and 4.90e − 06 for candidates EPIC248435473.01, .02, .03, .04, .05, and .06. These values would each be low enough to eas- ily validate all six candidates (e.g. Mayo et al. (2018) used a FPP threshold value of 1e-4). However, given the inability to rule out the possibility that the faint background star we identified in Section 2.4 is an eclipsing binary, we were only able to conclusively validate candidates EPIC248435473.01, .03, . 04, and .05, naming them EPIC248435473 b, c, d , and e, respectively. We also refrain from validating candidates .02 and .06 because they have the lowest signal-to-noise ratios that do not pass our threshold (8.3 and 6.6, respectively). Validating such low S/N candidates is challenging because it is difficult to prove that the weakest signals detected in Kepler or K2 data are astrophysical, and not the result of residual instrumental systematics or artifacts (Mullally et al. 2018) .
Using the global exoplanet fitting suite, EXOFASTv2 (Eastman 2017), we perform a simultaneous fit of the existing observations to determine the final system parameters for EPIC248435473. Based largely on the original EXOFAST ), EXOFASTv2 provides the unique flexibility to simultaneously fit the spectral energy distribution (SED) and RV observations from multiple instruments, in combination with fitting the time series photometry for every planet in the system. Using EXOFASTv2, we simultaneously fit the flattened K2 light curve (accounting for the 30 minute cadence smearing, see Figure 1 and 2), the SED (see Table  1 ), and the radial velocity observations from TRES (see Figure 5) . To characterize the host star within the fit, we include the MIST stellar isochrones (Dotter 2016; Choi et al. 2016; Paxton et al. 2011 Paxton et al. , 2013 Paxton et al. , 2015 and the broad band photometry. We use the T eff and [Fe/H] determined from analyzing the TSPEC spectra as priors (see §2.3). Additionally, we enforce an upper limit in the V -band extinction (A V ) from the Schlegel et al. (1998) dust maps of 0.0548 at the position of EPIC248435473. The final SED fit is shown in Figure 4 , the phase-folded RVs from TRES to planet b's period is shown in Figure 5 , and the best fit transit models are shown in Figures  1 and 2 . Given the near resonance orbit of EPIC248435473 d and e, which would have the largest transit timing variations (TTVs), we fit for the TTVs of these two planets while fitting a linear ephemeris for planets/candidates b, .02, c, and .06. The final determined stellar and planetary parameters from our global fit are shown in Tables 3, 4 , and 5.
The grazing geometry of planet b means the upper limit of the planet radius is unconstrained by the light curve. However, during the global fit, we simultaneously model the radial velocities, which provide a robust upper limit on its mass. This upper limit is translated to a radius upper limit during the global fit using EXOFASTv2's integrated Chen & Kipping (2017) exoplanet mass-radius relation, which excludes Jupiter-radius solutions (and even higher inclinations). Because the radial velocities are not precise enough for a measurement, the prior, which is uniform in log(K), can have a significant impact on the posteriors for the RV-semi amplitude, mass, radius, and inclination of planet b and tends to favor smaller planets and smaller inclinations (in line with our prior expectation that such planets are intrinsically more numerous).
Because the Chen & Kipping (2017) relations only use a sample of planets with robustly detected masses and radii, and we can typically measure robust radii for smaller planets than we can measure the corresponding masses, there is likely a selection effect in the Chen & Kipping (2017) relations that bias it toward larger masses at low signal to noise. As a consequence, for a given mass, we expect to over-estimate the radius. Our radius upper limit would likely be somewhat smaller if we used a relation that accounted for non-detections within our fit.
The Weiss & Marcy (2014) exoplanet mass-radius relations are an often used alternative which attempts to account for the bias from non-detections. However, they only apply to rocky planets (R p < 4 R ⊕ ), and so could not be used to exclude large planets, whereas the Chen & Kipping (2017) It shows the depth of the transit sets a hard lower limit of ∼ 1 R ⊕ . Due to the grazing geometry, the upper envelope is not constrained by the light curve, and instead set by the upper limit on the mass through an RV non-detection and the Chen & Kipping (2017) exoplanet mass-radius relation.
DYNAMICS OF EPIC248435473
Given its multiplicity and mutually-transiting nature, the six-planet system orbiting EPIC248435473 can be classified as one of the Systems of Tightly Packed Inner Planets (STIPs) common in the Kepler data (Lissauer et al. 2011; Van Laerhoven & Greenberg 2012; Swift et al. 2013 ). However, this system is unique due to the innermost planetary orbit displaying a remarkable 76 degree inclination and a grazing transit. Members of the Kepler multi-planet systems have smaller mutual inclinations, typically within a few degrees of each other (Fang & Margot 2012; Figueira et al. 2012; Fabrycky et al. 2014) . Moreover, these systems do not tend to excite high mutual inclinations without some external factor (Becker & Adams 2016; Mustill et al. 2017; Hansen 2017 In this section, we discuss the information gained through combining the observed light curve with dynamical analysis, and attempt to constrain the current dynamical state of the system.
Transit Timing Variations
The transit timing measurements for planets d and e listed in Table 3 can be used to derive dynamical constraints on their masses and orbits. In this section, we invert the planet pairs' TTVs to infer their masses and, in combination with the planet radii derive from out light-curve fitting, their densities. We model the planets' TTVs using the TTVFast code developed by Deck et al. (2014) and use the emcee package's (ForemanMackey et al. 2013) ensemble sampler, based on the algorithm of Goodman & Weare (2010) , to sample the posterior distribution of the planetary masses and orbital elements. We model only the dynamical interactions of planets d and e, and ignore any perturbations from the other (potential) members of the system. 5 We assume planets d and e orbit in the same plane since small mutual inclinations have negligible influence on TTVs. We approximate the mid-transit uncertainties to be Gaussian-distributed about the median transit time determined by EXOFASTv2, with variances set to the larger of the two asymmetric error bars in Table 5 . Our likelihood function is then computed based on the standard chi-squared statistic as ln L = − 1 2 χ 2 . We impose a Gaussian prior with 0 mean and a variance of σ = 0.05 on the eccentricity vector components, e i cos ω i and e i sin ω i , though we found that the inferred planet masses are insensitive to the assumed eccentricity priors after running additional MCMC fits with σ = 0.025 and σ = 0.1. We initialize our MCMC with 200 walkers and run for 120,000 iterations, saving all walker positions every 1000 iterations. Figure 7 shows the observed timing variations of planets d and e, along with N-body solutions drawn from our MCMC posterior. From our TTV dynamical fit, we determine planetstar mass ratios of m d /M * = 3.9 +2.5 −1.7 × 10 −5 for planet d and m e /M * = 6.3 +2.8 −2.2 × 10 −5 for planet e. The TTVs yield no strong constraint on planet eccentricities and the posterior distributions largely mirror our assumed priors. We convert the dynamical constraints on planet-star mass ratios to constraints on the planetary masses and densities by combining the posterior samples from our TTV fit with posterior samples of our fit to stellar mass and planet radii computed with EXOFASTv2. The resulting posterior distributions of the planets' masses and densities are plotted in Figure 8 . The inferred median and 1σ planet mass values are m d = 8.4 +5.4 −3.6 M ⊕ and m e = 13.6 +6.1 −4.7 M ⊕ and densities are ρ d = 2.7 +1.8 −1.2 g/cm 3 and ρ e = 5.6 +2.6 −2.0 g/cm 3 . Our N-body dynamical model contains 10 free parameters which are fit to only nine data points. This means that, at face value, our model is under-constrained and we are at risk of over-fitting. To understand the origin of our dynamical mass constraints and ensure that they are not merely the result of over-fitting, we analyze the TTVs using the analytic model 5 The variations induced by the additional planets in the system are expected to be negligible. For example, assuming a 1 M ⊕ planet c and circular orbits, it induces variations of less than 10 seconds in planet d's transit times. Allowing for modest eccentricities does not significantly enhance the induced TTVs. The influence of the other additional planets is expected to be even weaker given as they are more widely separated and do not fall near any significant resonances with d or e. of Hadden & Lithwick (2016) . This analytic treatment reduces the dimensionality of the TTV model so that it is no longer under-constrained. Note that we adopt the masses derived from the more complete N-body model as our best fit values; we present the analytic model simply as a consistency check to ensure the N-body results are not over-fitting the data because of poor MCMC convergence. We use the formulas of Hadden & Lithwick (2016) to construct an analytic model for the TTVs of planets d and e as a function of planet periods P i , initial transit times T i , planetstar mass ratios µ i , and the complex 'combined eccentricity'
(e e e iωe − e d e iω d ) .
The analytic model reduces the total number of model parameters to 8 by combining the planets' eccentricities and longitudes of perihelia into the single complex quantity, Z. The nth transit of planet d and e are modeled as
where δt C ∝ µ , δt F ∝ µ Z with µ the perturbing planet's planet-star mass ratio. Expressions for δt C and δt F are given in Hadden & Lithwick (2016) . We use the LevenbergMarquardt minimization algorithm to fit our analytic model to the observed transit times and estimate uncertainties from the local curvature of the χ 2 surface (e.g., Press et al. 1992 ). The analytic fit, plotted in Figure 7 , yields masses m d /M * = 3.0 ± 0.8 × 10 −5 for planet d and m e /M * = 4.6 ± 1.0 × 10 −5 for planet e, which are consistent with the N-body MCMC constraints. The origins of the mass constraint can be qualitatively understood from the analytic model as follows: at conjunction, planets impart impulsive kicks to one another that change their instantaneous orbital periods. This effect is captured by the so-called 'chopping' terms, δt C , in Equation (2) (see also Nesvorný & Vokrouhlický 2014; Deck & Agol 2015) . Indeed, we obtain nearly identical mass constraints from an analytic fit that drops the δt F terms from Equation (2) (and thereby further reduces the number of free parameters to 6 as the model no longer depends on the complex number Z). Because these δt F terms vary over a timescale much longer than the baseline of our observations, they are wellapproximated by a linear trend and essentially degenerate with small changes to the T i + nP i terms in Equation (2). Thus, we have identified the the origin of our mass constraints with the measurement of the chopping signals, δt C,i , in d and e's TTVs. Over the course of our observing baseline, planet d and e experience a single conjunction, at the time marked by a dashed line in Figure 7 . The power of the TTV signal for constraining the planets' masses comes mainly from the impulsive changes in the planets' osculating orbital periods experienced at this conjunction causing the planets to arrive early (in the case of e) or late (in the case of d) at their next transits.
Dynamical Stability and Transit Likelihood
Next we consider the dynamical stability of the system, along with the probability that all of the putative planets can be seen in transit. Although most Kepler multi-planet systems tend to have low mutual inclinations, this system is unique to date because there is a significant mutual inclination between the innermost planet and the other five. In the context of the known set of multi-planet systems, this appears significant. Ballard & Johnson (2016) found that the Kepler planet-hosting systems around cool stars appears to be drawn from two populations: a set of multi-transit systems and a second set of single-transit planets, which may also have statistically higher obliquities Morton & Winn (2014) (this concept of these two populations is commonly called the 'Kepler dichotomy'). One solution to the Kepler dichotomy is that the two populations are actually all multi-planet systems, and that the ones that appear to be singly-transiting are systems with larger mutual inclinations, which can see seen as single-transit systems from a particular line of sight. Although most Kepler multi-planet (4 planets or more) are fairly tightly confined to a roughly coplanar region, there is some precedent for multiplanet systems: Mills & Fabrycky (2017) found a two-planet system with a 24 degree mutual inclination. In cases like this, the question of how many planets in a multi-transiting system might be seen in transit at any one time becomes relevant (Brakensiek & Ragozzine 2016) , as large mutual inclinations NOTES: a The predicted signal-to-noise ratios relative to GJ 1214 b. All values used in determining the signal-to-noise were obtained from the NASA Exoplanet Archive (Akeson et al. 2013) . If a system did not have a reported mass on NASA Exoplanet Archive or it was not a 2σ result, we used the Weiss & Marcy (2014) Mass-Radius relationship to estimate the planet's mass. b Our calculation for the S/N of 55 Cnc e assumes a H/He envelope since it falls just above the pure rock line determined by Zeng et al. (2016) . However, 55 Cnc e is in a ultra short period orbit, making it unlikely that it would hold onto a thick H/He envelope. We do not include EPIC248435473 b due to its grazing configuration. can lead to only a subset of the planets being seen from a given line of sight. EPIC248435473 b is currently observed to have a grazing transit and a high mutual inclination with the remainder of the planets, the five of which reside in a roughly coplanar configuration. With an aim towards assessing where this system fits into the Kepler dichotomy, we in this section conduct an analysis of the transit likelihood for various numbers of planets in this system.
To test the dynamical and transit stability of these planets, we ran 250 N-body simulations of the system, drawing the initial orbital elements from the posteriors generated from the EXOFAST transit fit (more specifically, we draw a single link from the MCMC posterior at random for each of the 250 simulations, and then use all orbital elements from that link). We assigned the longitude of ascending node to be 2π, as it cannot be measured from the transit fits. The planetary masses are drawn from the posteriors provided by the EXOFAST fit, as are stellar mass and radius. For all calculated values of in-clination, we broke the above/below solar mid-plane degeneracy by randomly assigning the value to be either greater or smaller than 90 degrees. We also assume that the stellar obliquity is aligned with the plane containing the outer five planets (but there are no system-specific observations to support this assumption; instead, we make this assumption as a computational necessity, although we expect the stellar obliquity to be more aligned in multi-planet systems; Morton & Winn 2014 ). These 250 simulations were carried out using the hybrid Wisdom-Holman and Bulirsch-Stoer (B-S) integrator Mercury6 (Chambers 1999) for integration times of 10 5 years, and with an initial time-step of 8.5 minutes. Energy was conserved to better than one part in 10 8 over the course of the simulations. When physical collisions occur, particles are removed from the simulation. The integration time was chosen to include many secular timescales of the system (Figure 9 shows that many periods of secular oscillations are included in 10 5 years time span). In roughly 67% of our suite of 250 simulations, at least two planets in the system attain orbits which cross. In 10% of the simulations, the system experiences a true dynamical instability, in which a planet is ejected form the system or physically collides with another body. In the cases in which orbits cross, planets 0.02 and c are the culprits of the instability roughly 83% of the time. On the 10 5 year integrations considered in this work, a size-able fraction (roughly a third) remain dynamically stable and stable. As such, we cannot use dynamical arguments to argue against the existence of planet candidate 0.02, whose close orbit with planet c might otherwise be suspect.
As neither of the planet candidates can clearly be ruled out based on dynamical arguments, we next consider the dynamical evolution that leads to only a subset of the six known planets being seen in transit. We currently observe the system to be a six-planet system, but the innermost planet EPIC248435473 b has a high measured impact parameter, meaning that is barely transiting. The simulations show significant inclination evolution over time for both EPIC248435473 b and the other planets in the system. In Figure 9 , we plot a representative case from our set of 250 simulations, where the semi-major axes and eccentricities of all planets remain confined relatively close to their currentlymeasured values, but the orbital inclination of all six planets evolves.
One notable feature of the numerical simulations is the inclination evolution of all six planets. Secular evolution of the system causes the planetary orbits to evolve with time, resulting in configurations in which not all planets can be seen in transit simultaneously. Inspired by the present-day (apparently serendipitous) geometry, we extracted from the simulations the transit probability over time for varying numbers of planets in this system. The result of this analysis is presented in Figure 10 for two lines of sight. The first case considers the fixed line of sight corresponding to our current location (that of the Solar System). The second case uses an optimized variable line of sight, which is re-computed at each time-step of each integration to determine the largest multiplicity that can be observed from any location in the galaxy.
This analysis shows that observing six transiting planets in the system is rare given the known components of the system. No matter which line of sight is considered, the system will appear to contain the six 'known' planets a minority of the time. More commonly, the system will be seen as a five-planet system from the most favorable line of sight, and as a oneor two-planet system from our current line of sight. Most of the time, the inclinations of the outer five planets evolve and cause them to reside in non-transiting configurations. On the other hand, the probabilities are not vanishingly small. We expect to be able to re-observe a six-planet transiting system about 5 percent of the time in the future, given the currently measured planets. It is also important to note that we cannot be sure that the observed six planets are the only planets in this system: additional, non-transiting planets would alter the dynamics described here.
Resonant state of the two sub-Neptunes
The sub-Neptunes EPIC248435473 d and e, with periods of 19.482 days and 14.697 days, have a period ratio of 1.326, which is 0.59% away from the 4 : 3 mean motion commensurability. These planets reside in nearly the same orbital plane (with 89.73 and 89.74 degree inclinations). As such, the orbital periods of these planets suggest that they may reside in orbital resonance. However, true resonance is characterized by a librating resonance angle, and it is not clear from the orbital elements alone whether the resonance angle will librate or circulate. To determine the true resonance behavior of these two planets, we used the subset of the 250 simulations which did not experience orbit-crossing during the 10 5 year integation time, and post-process the results to search for resonances.
We have performed a resonance-finding algorithm to iden- 
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Fixed LOS Variable LOS   FIG. 10. -The future simultaneous transit fraction by the number of planets seen in transit. These fractions were computed using the numerical simulations for two lines of sight: a fixed line of sight (Fixed LOS), set to be the current line of sight from the earth, and a variable line of sight (Variable LOS), computed at each time-step to be the line of sight from which the greatest number of planets can be seen in transit at any time. The simulations used to construct this plot are the subset of the 250 simulations run in this section i. Given the measured orbital elements of the planets around EPIC248435473, the system is expected to be observed as a six-planet system a minority of the time (assuming there are no extra unseen planets in the system).
tify the time intervals in the simulations where the planets were in true resonance. We found regimes with nearly constant period ratio (constant P e /P d ), generated arrays of resonance angles for all p : q resonances up to 29th order (while p ≤ 30), and automatically generated plots using the simulated orbital elements of planets EPIC248435473 d and e for each resonance angle for each resonance order for all of the 250 simulations. Using the resulting resonance angles, we searched for librating behavior by breaking the time series into 5000 year intervals and searching for gaps in resonance angle space: Note that a circulating resonance angle will populate the entire 360 degree range of possible angles, whereas a librating angle will have gaps.
We find that in our simulations, planets EPIC248435473 d and e exhibit orbital resonances approximately 12.3% of the time over the simulations under consideration. The resonance angles populated in these cases have the forms
and
where λ is mean longitude and ϖ is longitude of pericenter. The subscripts denote the inner (i) and outer (o) planets. The four types of resonance behavior exhibited by this system, in order of occurrence rate, include: non-resonance, continuous resonance for the entire simulation lifetime, an initial condition close to resonance that loses the resonance as the system evolves, and very rarely, the attainment of a resonance after an initial period of non-resonance (see Ketchum et al. 2013 for a more detailed discussion of this process). We find that for trials that start out in a resonant configuration, the typical libration width of the resonance is generally consistently around 190 degrees. Although this width may evolve slightly as the simulation progresses, the resonances are not typically much deeper than this initial value.
Chaotic Behavior
Dynamical systems are often chaotic and we would like to quantify the chaotic behavior of EPIC248435473. The system, as observed, has six planets in a compact configuration with a relatively large mutual inclination between the innermost planet and the others. Our numerical simulations, described above, indicate that while the outer planets (EPIC248435473 d, e, and .06) are generally dynamically stable, the middle planets (EPIC248435473.02 and d) can experience scattering or other non-periodic time evolution, potentially leading to orbit crossing. Non-periodic behavior of this nature can be indicative of chaos.
The evolution of a chaotic planetary system is extremely sensitive to its initial conditions. Chaos is often parameterized by the Lyapunov exponents of the system, which determine the rate of exponential divergence of orbits with similar initial conditions. In contrast, general observational uncertainties in the orbital elements can also lead to non-chaotic divergence if initial orbital elements are drawn from different locations of the posteriors (in cases where ensembles of simulations are used to sample the uncertainties). Either sufficiently large observational errors or the sufficiently rapid onset of chaos will thus make both numerical integrations and analytic explorations less certain.
To test the chaotic behavior of the EPIC248435473 system, we ran 400 integrations of this system, with the orbital parameters and masses drawn from the posteriors generated by the transit fit. Each simulation was carried out using the Rebound N-Body integration package (Rein & Liu 2012) , where we used a total integration time of 1000 years, the IAS15 integrator (Rein & Tamayo 2015) , and an initial time-step of 8 minutes. For each of these integrations, we evaluate the chaotic nature of the initial conditions by employing the Mean Exponential Growth factor of Nearby Orbits (MEGNO) indicator (Cincotta et al. 2003) , implemented in the Rebound N-body code. For chaotic trajectories, the MEGNO indicator, Y , grows linearly in time at a rate of 1/t Ly where t Ly is the Lyapunov time, while for regular trajectories it asymptotically approaches Y = 2. We compute MEGNO values for the 400 draws from the posteriors of this system at times between 1 and 1000 years. These realizations provide a good sample of the parameter space spanned by the observational posteriors. Of the 400 realizations, only 4.5% can be categorized as unambiguously regular at the end of the integration (where the criterion for regularity is taken to be MEGNO< 4). Moreover, we find no strong correlations between planetary parameters and MEGNO values using our current simulation set. We attempted to trace chaotic behavior using the period ratio of the resonant planets d and e (as done in Figure 3 of Deck et al. 2012) , the ratio perihelion/aphelion of .02 and c, and by using the orbital elements of planet b, but no trends emerged. This finding is likely due to the high multiplicity and tightly packed nature of the system: there are multiple equally-important sources of dynamical chaos. In Figure 11 , we plot the median MEGNO indicator value for these 400 simulations considered in this section at periodic intervals in the 1000 year integrations. A MEGNO indicator less than 4 denotes regular orbits, while a MEGNO of 4 or greater denotes measured chaos. The median MEGNO indicator reaches 4 (denoting the measurable onset of chaos) at roughly 100 years.
From this MEGNO analysis, we know that the majority of orbits allowed by the transit posteriors are chaotic. It is important to note that, while some of these chaotic posterior points are likely destined to experience instabilities based on our 10 5 year numerical simulations, a chaotic system does not necessarily mean a dynamically unstable system, or even a particularly active system (the planetary orbits in our solar system are known to be chaotic, as is the Kepler-36 planetary system, Deck et al. 2012) . Chaos implies that similar initial conditions will diverge over some time scale, so that precise future predictions of planetary orbits can no longer be made. Specifically, for two given sets of similar initial conditions, integrations of both cases could result in systems that are dynamically stable and continuously transit, but the values of the phase space variables (including planet locations) can diverge over time if the system is chaotic. One implication of this analysis is that a large amount of uncertainty in forward integrations comes from chaos, rather than only from the uncertainty of the transit posteriors.
EPIC248435395: A LIKELY CO-MOVING COMPANION WITH A TRANSITING PLANET CANDIDATE
After the identification of the 6 possible planets orbiting EPIC248435473, we searched for nearby stellar companions to understand the full architecture of the system since that may help disentangle the origin of the misaligned inner planet. About ∼42 from EPIC248435473 is EPIC248435395, which is ∼1.7 mag fainter in the V -band (∼0.6 mag fainter in the K-band).
Evidence for Companionship
To check that EPIC248435395 is actually an associated companion to EPIC248435473, we directly compare the Gaia Data Release 2 proper motions and distances for both systems (Gaia Collaboration et al. 2016 . EPIC248435473 has a Gaia parallax of 12.87 ± 0.06 mas, corresponding to a distance of 77.8±0.6 pc while EPIC248435395 has a parallax of 12.85 ± 0.06 mas and a distance of 77.7±0.6 pc. All systematic uncertainties on the Gaia DR2 parallax should be <0.1 mas. Therefore, the two stars are at the same distance. The Gaia DR2 proper motions for EPIC248435473 are µ α = 56.9 mas yr −1 and µ δ = -68.8 mas yr −1 . These are very similar to the proper motions for EPIC248435395 which are µ α = 53.2 mas yr −1 and µ δ = -72.7 mas yr −1 (see Table 1 ). The Gaia parallaxes and proper motions are consistent with the two stars being a widely separated binary.
Using this distance, the ∼42 separation would correspond to a orbital semi-major axis of ∼3200 au. Using our determined mass of EPIC248435395 of 0.561 M and EPIC248435473 of 0.649 M this would correspond to an orbital period 0.16 Myr. This period would result in a ∼4 mas motion from the binary orbit, within the expected microarcsecond expected astrometric precision (Gaia Collaboration et al. 2018 ). However, EPIC248435395 will move ∼0.45 over the nominal 5 year Gaia mission, and it may be difficult to differentiate the contribution from the binary orbit from the star's proper motion. Candidate The full K2 light curve of EPIC248435395 from Campaign 14, corrected for systematics using the technique described in Vanderburg & Johnson (2014) and Vanderburg et al. (2016a) 
Observations of EPIC248435395
The ∼42 separation means that the two systems were well-resolved by K2. We were therefore able to produce a separate light curve for the companion star. As we did for EPIC248435473 and following the strategy described in Vanderburg & Johnson (2014) and Vanderburg et al. (2016a) , we searched EPIC248435395 for possible transit signals. From this search, we identify a transit signal at 8.5 days with a S/N of 7.0 around EPIC248435395, below the typical Kepler S/N threshold of 7.1 and after K2 of 9. The final light curve for EPIC248435395 has a 30 minute noise level of 151 ppm and a 6 hour photometric precision of 42 ppm.
We also inspected the NGS POSS and Pan-Stars images of EPIC248435395 in a similar manner as described in §2.4 (see Figure 3) . Because it shares a common proper motion with EPIC248435473, it has also moved about 6 arcseconds since it was imaged by POSS in 1952. Because EPIC248435395 is fainter than EPIC248435473, its saturated point spread function does not extend all the way to the star's current-day position, so we are able to rule out background objects down to the POSS limiting magnitude of about 20 in the red, and 19 in the blue. We identified no nearby companions in Pan-STARRS imaging. We also obtained high resolution images in the Br-γ filter and the J-band of EPIC248435395 using NIRC2 on UT 2017 Dec 28 (see §2.5 and Figure 3) . We see no evidence for any additional companions from our "patient" and AO imaging. We also obtained two RV observations of EPIC248435395 from TRES. We determined the absolute RV of EPIC248435395 to be 12.843 km s −1 . We note that this velocity is uncertain since there is a ∼450 m s −1 difference in the two RV measurements seen by TRES. Therefore, this velocity is not inconsistent with it being a bound companion to EPIC248435473. The TRES RVs for EPIC248435395 are shown in Table 2 . See §2.2 for a description of these observations.
EXOFASTv2 Global Fit for EPIC248435395
Following a similar procedure as we did for EPIC248435473 (see §3), we perform a fit of the exoplanet candidate around EPIC248435395 using EXOFASTv2 (Eastman 2017) . Within this analysis, we simultaneously fit the flattened K2 light curve (see Figure 12 ) and SED (see Figure 4 ) for EPIC248435395. To constrain the stellar parameters of EPIC248435395 within the fit, we use the MIST stellar isochrones (Dotter 2016; Choi et al. 2016; Paxton et al. 2011 Paxton et al. , 2013 Paxton et al. , 2015 and the broad band photometry shown in Table 1 . We set a starting point on the T eff and [Fe/H] of the host star to be 3699 K and -0.006 dex from the EPIC catalog (Huber et al. 2016) . We also enforce the same upper limit on the V -band extinction from the Schlegel et al. (1998) dust maps of 0.0548 as we did for the fit of EPIC248435473. We use the Gaia DR2 parallax (12.85 mas) with a conservative uncertainty of 0.1 mas as prior in the fit. The final determined system parameters are shown in Table 3 and 7. We note that this is not a confirmed or validated planet.
6. DISCUSSION The complex architecture of the planetary system surrounding EPIC248435473 makes it an intriguing target for further characterization. Additionally, the host star is relatively bright (V =11.8, K=8.9) and up to 6 planets orbit the host star in a compact configuration. At the present time, we are only able to validate planets b, c, d, and e, so that more data is needed to confirm the remaining two candidates.
6.1. Atmospheric Characterization The origin of Neptune sized planets is not clear, yet they appear to be one of the most common types of planets. The planets range in size from 2-6 R ⊕ and have been discovered orbiting >25% of all stars (Howard et al. 2012; Fressin et al. 2013; Buchhave et al. 2014; Fulton et al. 2017 ). Recent statistical studies of the observed amplitude of transmission spectral features of warm Neptunes show a correlation with equilibrium temperature or its bulk H/He mass fraction (Crossfield & Kreidberg 2017). However, there are only a small number of Neptune sized planets that are amenable to transmission spectroscopy with current facilities like the Hubble Space Telescope (HST).
To understand if the planets orbiting EPIC248435473 would be viable targets for transmission spectroscopic measurements, we follow the technique described in Vanderburg et al. (2016a) to calculate their expected atmospheric scale height and signal-to-noise (S/N) per transit. Using data from NASA's Exoplanet archive (Akeson et al. 2013 ), we also calculate the atmospheric scale height and S/N for all planets with R p < 3 R ⊕ (see Table 6 ), updating this table from Rodriguez et al. (2018) . The calculations are done in the H-band to understand their accessibility using the Wide Field Camera 3 instrument on HST, as well as the future feasibility to observe them with the suite of instruments on the upcoming James Webb Space Telescope (JWST). Purely based on the inferred sizes of the planets, it is expected that EPIC248435473 b, d, and e might all have thick gaseous atmospheres (Weiss & Marcy 2014) , but the uncertainty in the size of planet b (due to the grazing transit configuration) and its proximity to its host star makes this unclear (see Figure 6 for the probability distribution of planet b's radius from our global fit). While our transit fit indicates that the most probable size of planet b is about three times the size of the Earth, virtually all known ultra-short-period planets known are smaller than 2 R ⊕ (Sanchis- Ojeda et al. 2014; Winn et al. 2017) EPIC248435473 b is a particularly interesting target for atmospheric followup because of its status as an ultra-short period (USP) exoplanet. Lopez (2017) suggests that in order for USP planets to have radii larger than ∼ 2R ⊕ , they should have formed with high-metallicity, water-rich envelopes, and are likely to remain water-rich today. In addition, the theoretical models of Owen & Wu (2013) and Owen & Wu (2017) suggest that planets with the radial size and orbital period of EPIC248435473 b reside near the boundary in parameter space where photoevaporation becomes an important source of mass loss. In addition, if EPIC248435473 b has a typical magnetic field strength, its close proximity allows for interactions between the magnetospheres of the star and the planet (Adams 2011) . Combinations of mass measurements of EPIC248435473 b, refined radius measurements, and atmospheric constraints on water abundance could be used together to paint a complete picture of where in the disk this planet originated and when it reached its current-day location.
EPIC248435473 d and e are two of the best sub-Neptune sized planets for atmospheric characterization and their longer periods (as compared to the others in Table 6 ) provide a valuable opportunity for a comparative atmospheric study between hot and warm sub-Neptune sized planets. Interestingly, the Near-IR and IR brightness of EPIC248435473 and EPIC248435395 should allow for high S/N observations using short exposure time for all four instruments on JWST: Near Infared Camera (NIRCam), Near Infrared Imager and Slitless Spectrograph (NIRISS), Near-Infrared Spectrograph (NIRSpec), and the Mid-Infrared Instrument (MIRI) (Beichman et al. 2014 ).
Dynamical Classification
The dynamics of the EPIC248435473 system is characterized by several remarkable features: The innermost planet (EPIC248435473 b) is highly inclined relative to the rest of the planets, the orbits of planet candidate EPIC248435473.02 and validated planet EPIC248435473 c are in close proximity, the two sub-Neptunes (EPIC248435473 d, e) are either in or extremely close to a mean-motion resonance, and the outer candidate EPIC248435473.06 has a moderately eccentric orbit. Taken together, these factors place the planetary system orbiting EPIC248435473 in a particularly unique realm.
Among the exoplanetary systems discovered thus far, only a small number have been determined to be in true resonance (Rivera et al. 2010; Lissauer et al. 2011; Carter et al. 2012; Barclay et al. 2013; Mills et al. 2016; Luger et al. 2017; Shallue & Vanderburg 2018; Millholland et al. 2018) . From our numerical simulations initialized with orbital elements from the transit fit, we find in the stable simulations in which no planetary orbits cross, planets EPIC248435473 d and EPIC248435473 e are in true resonance for 12.3% of the time, as characterized by a librating resonance angle. This significant fraction makes EPIC248435473 another member of the short list of stars hosting systems containing potentially resonant exoplanets. Additional transits, which will improve orbital period precision, would enable future refinement of this resonance fraction.
From the time-evolution of the MEGNO indicator, we find that the average draw from the posterior becomes noticeably chaotic after roughly 100 years. The high mutual inclination between validated planet EPIC248435473 b and the rest of the planets is also intriguing. As shown in Figure 10 , because of the high present day inclination of EPIC248435473 b, this system is rarely (perhaps 5 percent of the time) in a configuration where all six planets can be seen simultaneously from our current line of sight. A smaller number of planets are expected to be seen in transit most of the time. Similarly, it is possible that the system hosts more than six planets, but we are seeing only six of them in transit at the current epoch. Tighter limits on the planetary posteriors will allow for a more precise determination of the future transit probability for each (known) planet, and will place constraints on any additional bodies in the system. In future work, a numerical survey of the parameter space subtended by the measured posteriors might allow for additional constraints on planetary parameters based on dynamical stability limits.
The formation of misaligned orbits, such as that of EPIC248435473 b, remains an open problem. Petrovich et al. (2018) proposes that most ultra-short period planets form through non-linear secular interactions ("secular chaos"). In this scenario, the proto-USP starts with an orbital period of 5 − 10 days, is excited to high eccentricity, and is subsequently tidally captured onto a short-period orbit. Note that the process that leads to high eccentricity (e.g., planet-planet scattering) could also produce inclined orbits. As a result, one potential signature of this process could be a high mutual inclination for the USP relative to the other planets, as seen in this system. However, most companions to a USP generated in this manner would generally have orbital periods of 10 days or larger, whereas the EPIC248435473 system has two planets with shorter periods of only 6 and 7 days. For this secular chaos mechanism to form this system, the 6-and 7-day planets would need to migrate inward after the eccentricity excitement and subsequent circularization of the USP; yet, as EPIC248435473 b may have an un-evaporated atmosphere based on current radius estimates, a dynamical history allowing it to form further from the star (subject to less photoevaporation) seems favorable. 7 . CONCLUSION We present the discovery of up to six planets transiting the bright (K=8.9) nearby (∼78 pc) star EPIC248435473. From a global model where we simultaneously fit all six planetary signals, we find that the six planets have periods of P b = 0.66, P .02 = 6.1d, P c = 7.8d, P d = 14.7d, P e = 19.5d, and P .06 = 56.7d, and radii of R b = 2.9 R ⊕ , R .02 = 0.579 R ⊕ , R c = 0.637 R ⊕ , R d = 2.644 R ⊕ , R e = 2.446 R ⊕ , and R .06 = 0.81 R ⊕ . As noted by the letter identification, we are only able to validate EPIC248435473 b, c, d, and e. Future followup observations should aim to confirm the transits of EPIC248435473.02 and .06 through high photometric precision observations with facilities like NASA's Spitzer Space Telescope. Our analysis shows that the inner ultra-short period planet, EPIC248435473 b, has an inclination of 76.5 • while the other five planets are consistent with an inclination between 88-90 • . This corresponds to a mutual misalignment of >11.5 • which may indicate that planet b did not form in the same way as the others. The brightness of EPIC248435473 combined with the relatively large size of the sub-Neptune planets d and e make them great targets for atmospheric characterization observation with current facilities like HST and future facilities like JWST. dpac/consortium). Funding for the DPAC has been provided by national institutions, in particular the institutions participating in the Gaia Multilateral Agreement. This paper includes data collected by the K2 mission. Funding for the K2 mission is provided by the NASA Science Mission directorate.
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